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(54) [Subject of Invention] 

Manufacturing method of semiconductor device 
(57) [Summary] 

[Objective] To form a superior film, as the No. 1 layer spatial insulation film, which is 
excellent in burying ability, possesses no void and is also excellent in flatness. 
[Constitution] In forming a insulation film onto the surface of the silicon wafer 11, first 
of all, the foundation oxide (oxidized) film 12 is formed , next the surface of this 
foundation oxide (oxidized) film 12 is treated by an organic compound, after this, based 
on the chemical vapor phase growth by using a compound which contains Si and at least 
one kind selected from B, P, Ge and As within one molecule as raw material, the 
insulation film 14 is formed. As described above, by treating the foundation oxide 
(oxidized) film surface 12 by an organic compound, an insulation film of excellent 
property which is excellent in burying-ability and contains no void can be formed. 
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[Scope of the Patent Claim] 

[Claim Item 1] A manufacturing method of semiconductor device having the following 
characteristics: in forming an insulation film of semiconductor device, first of all, a 
foundation oxide film is formed , next the surface of this foundation oxide film is treated 
by an organic compound, after this, based on the chemical vapor phase growth by using a 
compound which contains Si and at least one kind selected from B, P, Ge and As within 
one molecule as raw material, an insulation film is formed. 

[Claim Item 2] A manufacturing method of semiconductor device having the following 
characteristics: in forming an insulation film of semiconductor device, first of all, a 
foundation oxide film is formed , next the surface of this foundation oxide film is treated 
by an organic compound, after this, based on the chemical vapor phase growth by using a 
compound which contains Si and at least one kind selected from B, P, Ge and As within 
one molecule and an organic silicon compound as raw materials, an insulation film 
formed. 

[Claim Item 3] In the manufacturing method of semiconductor device described in Claim 
Item 1 or 2, after the forming of the insulation film by the chemical vapor phase growth, 
it is re-flowed at a temperature of more than 400°C. 

[Claim Item 4] In the manufacturing method of semiconductor device described in Claim 
Item 3, after the re-flow, a flattening treatment is applied. 
[Detailed Explanation of the Invention] 
[0001] 

[Industrial Application Field] This invention is related to a manufacturing method of 
semiconductor device; it is especially related to the No. 1 layer spatial insulation film to 
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be formed onto vicinity of the gate poly-silicon of electric field effect type transistor and 

the vicinity of heat-oxidized film of the silicon substrate. 

[0002] 

[Conventional Technology] In recent years, accompanying the rapid advances in high 
integration and high densification of VLSI device, the sub-micron process has become 
essential in the semiconductor fabrication technology. Accompanying the advance in 
sub-micron process, the gate width of MOSFET also becomes smaller. By this, the 
aspect ratio of the step difference at the gate polysilicon and silicon substrate vicinities 
would become larger; thus the burying between the step difference of the No. 1 layer 
spatial insulation film to be formed onto the above described has become more difficult. 
[0003] For forming an excellent insulation film on to the heat-oxidized film possessing a 
high aspect ratio described above, the approach of forming TEOS-O3 BPSG 
(borophophosilicate glass) film doped with boron (B) and phosphor(P) by the normal 
pressure CVD method using an organic silane, tetraethoxysilane (TEOS) and ozone is 
known. 

[0004] The normal pressure CVD method using the above mentioned ozone-organic 
silane mixed gas is described in, for instance, Patent Disclosure Bulletin No. 61-77695 
(1986), "Electrical Chemistry" 56, No. 7 (1988), pp. 527—532, etc. And for the organic 
silane, TEOS (tetraethoxysilane, TMOS (tetramethoxysilane), OMCTS 
(octamethoylcyclotetrasiloxane), HMDS (hexamethyldisiloxane), etc. are known. 
[0005] 

[The Problem to be Solved by the Invention] Nevertheless, as a flattening method for the 
aforementioned TEOS-O3 BPSG film, re-flow has been employed. However, after the 
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re-flow, the flatness is usually insufficient and a high temperature is required during the 
re-flow. As the film thickness of the gate oxidized film becomes thinner (required in 
accompanying the shrinkage by the design rule), the B and/or P would diffuse into the 
silicon substrate through the gate oxidized film. The penetration through the gate 
oxidized film by B and/or P would become a problem. When B and/or P have penetrated 
the gate oxidized film and diffused into the silicon substrate, the shape and size of the 
channel would become different from the designed values to become a defect in 
degrading the electrical properties. Therefore, for the No. 1 layer spatial insulation film, 
it is required that no B and/or P impurities are contained and a technique of forming an 
insulation film which is superior in the performance of burying ability into the step 
difference possessing a high aspect ratio is being demanded. Of course, since it is to be 
used as layer spatial insulation film, the film is required to possess superior property that 
the occurrence of void would be less and the degassing would be less. 
[0006] Instead of the BPSG film, if a NSG (non-doped silicate glass; not doped with B 
or P) is adopted, it would be difficult to form a film possessing an excellent film property 
because this NSG film is strongly dependent on the nature of the foundation. For solving 
this problem, it has been proposed to apply a plasma treatment of the foundation surface 
before the forming of the NSG film (Kubo, et al. No. 40 Applied Physics Society 
Proceeding P. 579, 16P-ZQ-6, September, 1992). However, in this method for solving 
the problem, there is defect that the foundation substrate could receive damage by the 
plasma treatment. Especially, when gate electrode vicinity is exposed to plasma, there 
would be a shortcoming that the electrical damage to the transistor would be great to 
adversely affect the transistor performance. 
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[0007] The objective of this invention is to solve the defects of the above described 
conventional insulation film forming method. It is especially effectively used in forming 
insulation film onto the heat-oxidized film of sub-micron devices. It is superior in 
burying ability between step difference possessing high aspect ratio. It can form an 
insulation film which is small in water content and less in the occurrence of void, and no 
damage would occur to the foundation. Furthermore, it is intended to provide a 
manufacturing method of semiconductor device in that an insulation film superior in 
flatness can be obtained. 
[0008] 

[The Means Used to Solve the Problem] And the manufacturing method of 
semiconductor device based on this invention is characteristically as follows; In forming 
an insulation film of a semiconductor device, first of all, the foundation oxide film is 
formed , next the surface of this foundation oxide film is treated by an organic 
compound, after this, based on the chemical vapor phase growth reacting with ozone by 
using a compound which contains Si and at least one kind selected from B, P, Ge and As 
within one molecule as raw material, the insulation film is formed. 
[0010] And it is preferable that after the forming of the insulation film by the chemical 
vapor phase growth, it is re-flowed at a temperature of more than 400°C and/or after the 
re-flow, a flattening treatment is further applied. 

[001 1] For the aforementioned organic compound, aliphatic saturated monovalent 
alcohols, aliphatic unsaturated monovalent alcohols, aromatic alcohols, aliphatic 
saturated multi-valent alcohols, aldehydes, ethers, ketones, carbonic acids, nitroalkanes, 
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amines, acyl nitriles, amides, double ring type compounds can be listed. In concrete 
term, the materials given below can be used. 

[0012] Aliphatic saturated monovalent alcohols: methanol, ethanol, 1-propanol, 2- 
propanol, 1-butanol, 2-methyl-l-propanol, 1-butanol, 2-methyl-l-propanol, 1-pentanol, 3- 
methyl-l-butanol, 3 -methyl -2-butanol, 2-methyl-2-butanol, 1-hexanol, cyclohexanol 
[0013] Aliphatic unsaturated monovalent alcohols: aryl alcohol, propafgyl alcohol, 2- 
methy 1-3 -putin-2-ol. 

[0014] Aaromatic alcohols: bezylalcohol, furfuryl alcohol. 

[0015] Aliphatic saturated multi-valent alcohols and their derivatives: ethylene glycol, 
prpylene glycol, diethylene glycol, ethylene glycol mono-methyl ether, ethylene glycol 
monoethyl ether, ethylene glycol mono-n-butyl ether, ethyleneglycol mono-isobutyl 
ether, propylene glycol monoethyl ether, ethylene glycol diemthyl ether, diethylene 
glycol monomethyl ether, diethylene glycol monoethyl ether, diethylene glycol dimethyl 
ether. 

[0016] Aldehydes: formaldehyde, acetoaldehyde, glyoxal. 
[0017] Ethers: diethyl ether, dioxane, tetrahydrofuran, tetrahydrofiirfuryl alcohol 
[0018] Ketones & ketoalcohols: acetone, 2-butanone, diacetone alcohol, gamma-butyro- 
lactone, propylene carbonate. 

[0019] Carbonic acids: formic acid, acetic acid, propionic acid, glycolic acid, lactic acid, 
ethyl lactate 

[0020] Nitroalkanes: nitromethane, nitroethane, nitropropane, nitrobenzene. 
[0021] Amines: ethyl amine, propyl amine, iso-propyl amine, butyl amine, isobuyl 
amine, aryl amine, aniline, toluidine, ethylene diamine, diethylene amine ethylene imine, 
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dipropyl amine, di-iso-propyl amine, dibutyl amine, triethylene amine, tri-n-propyl 
amine, tri-n-butyl amine. 

[0022] Acyl nitriles: acetonitrile, propiononitrile, butylonitrile, acrylonitrile, 
methacrylonitrile, benznitrile. 

[0023] Amides: formamide, N-methyl formamide, N, N-dimethyl formamide, N-methyl 
acetamide, N, N-dimethyl acetamide. 

[0024] Double ring type compounds: pyridine, quinoline, pyrrole, piperidine, piperazine, 
morpholine, 2-pyrrolidinone, l~methyl-2-pyrrolidinone. 
[0025] For the organic compound treatment method, the spin-coating treatment 
(application treatment) in that the application is performed while the semiconductor 
wafer is being spun, the vapor treatment in that the vapor of the organic compound is 
blown onto the semiconductor wafer, the soaking treatment of soaking the semiconductor 
wafer in the organic compound solution, the spray treatment for spraying the organic 
compound solution, the curtain flow coating treatment in that the semiconductor substrate 
is passed through a shower of the organic compound, etc. various treatment methods are 
possible. The spin coating method is most preferable since its consumption amount is 
less and homogeneous application can be obtained and the drying can be carried out 
simultaneously. 

[0026] [Function] According to the manufacturing method of semiconductor device 
based on this invention, first of all, the foundation oxide film is formed and the surface of 
this foundation oxide film is treated by an organic compound; after this simple treatment, 
based on the chemical vapor phase growth by using a compound which contains Si and at 
least one kind selected from B, P, Ge and As within one molecule, as raw material, an 
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insulation film composed of doped silicate glass is formed. By this, the foundation 
dependency of the insulation film can be eliminated and an excellent property film of 
insulation film which is excellent in burying-ability in to the space between step 
differences and contains less water content as well as less void and would corm less 
crack. Furthermore, no damage would occur to the elements during the insulation film 
forming; thus the reliability of the semiconductor device can be enhanced. And, since a 
compound containing Si and at least one kind selected from B, P, Ge and As within one 
molecule is to be used as raw material, the compositional ratios would be stabilized to 
allow performing the re-flow at lower temperature. 

[0027] The reason that by performing an organic compound treatment of the foundation 
as described above, the burying ability of the space between step differences would 
become better cannot be clearly understood; however, it can be considered as follows. 
The reason for the enhancement in burying ability and the film quality of the insulation 
film based on ethanol treatment would be considered in connection to TEOS as follows. 
[0028] [1. Regeneration of the foundation insulation film by ethanol treatment] 

The SiH* or TEOS base plasma CVD oxidized film or the thermal CVD oxidized 
film to be used as the insulation film and the Si thermally oxidized film are all none 
crystalline SiC>2 (or closer to SiOi) composition. The outermost surface of the non- 
crystalline Si02 can often be easily become hydrophilic during the process or by the 
atmospheric water to become silanol type structure of Si-OH. The Si-OH present on the 
surface would be that the electrons are attracted to the Si side which is high in electro- 
negativity. Therefore, as a whole it is strongly polarized in the form below. 
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[Chemical Equation 1] 

6- 5* 
-0 — H 

It possesses a large dipole moment. Due to this polarization, Si-OH possesses a property 
of strongly adsorbing high polarity molecules such as water and alcohol 
[0029] To this insulation film in that the surface is in the Si-OH structure, it is presumed 
that if the above described organic compound treatment is applied to carry out action, the 
behaviors of (1) and (2) below would occur. 

(1) Many organic compounds would be adsorbed by the polarization function of 
Si-OH. The strength of the adsorption would be different depending on the polarity of 
organic compound side. The non-polar materials such as cyclohexane and benzene 
would be difficult to be adsorbed to the surface; the high polar materials such as low class 
alcohols, acetonitriles, low class carbonic acids would be strongly adsorbed to the 
surface. And the medium polarity kinds such as dioxanes and ketones would be 
predicted to be adsorbed at middle strength. 

[0030] (2) Meanwhile, Si-OH would also act as Lewis acid of proton releasing type; 
thus it would react mutually with other organic chemical materials possessing active 
hydroxyl group. A typical example is the exchange reaction of alcoxyl group occurring 
with alcohols. For instance with ethanol, C2H5OH, the esterification reaction below 
would occur: 

Si-OH +fcftQH«Si-QCiHi+&0 

The bonding of Si-OC2H 5 formed here is extremely strong; the Si-OC2H5 formed on the 
naturally oxidized film of Si possesses a life of more than several tens of minute even 
under the oxidation atmosphere of 400°C. 
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[003 1 ] As above, by the vapor phase or liquid phase treatment by organic compound, the 
chemical adsorption of the organic compound molecules would occur. Furthermore, by 
the treatment of alcohol kinds such as ethanol, it is thought that esterification would also 
occur. In any case, the silanol which has been adsorbed or esterified would lose its 
adsorption ability by this and change to inactive surface condition. 
[0032] [2. The chemical species of vapor phase reaction and vapor phase film forming 
of Cb-TEOS system] 

However, in the thermal CVD reaction of O3-TEOS, two kinds of intermediate 
materials (film forming chemicals) contributing to the film forming are presumed to be 
present in the vapor phase. One of them possesses silanol group: HO-Si(OC2H5)3) (A). 
It is thought that this is formed by the chemical reaction of TEOS (Si(OC 2 H 5 ) 4 ) and 
atomic state oxygen [O] as shown below: 
[Chemical Equation 2] 

SiCOdH.^+6 CO J «IiO-Si(0C,U.)a + 2 COi +2H,0 ~(U 

[0033] Namely, in this reaction, the ethoxy group coupled to Si would be decomposed 
by receiving the oxidation based on the oxygen atoms (atomic state) to leave silanol 
behind. In equation (1), the final oxidation products were assumed to be CCb and H 2 0; 
in actuality, it is considered that as the middle step, it would go through ethanol 
(C2H5OH), methanol (CH 3 OH), acetaldehyde (CH3CHO), formaldehyde (HCHO), acetic 
acid (CH3COOH), formic acid (HCOOH), etc. 

[0034] The other intermediate is cyclohexane polymer: (C2H 5 0) 3 Si-0-Si(OC2H 5 )3 (B). 
This is considered to be formed by the condensation of the sileanol intermediate (A) 
formed in the aforementioned equation (1) by the reaction (2) or (2') shown below. 
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[Chemical Equation 3] 

2H0-Si(0CtH,)j -(C,ll 5 0) a Si-0-$i(OCiJb)j+HiO "«> 
Si(OCxHi)4+HO-Si(0C l IU), -(C,H»0), $i-0-Si(OCiHi)a + C,!UOH -(2' ) 

The life of the silanol in the vapor phase is generally considered to be short; thus the 

silanol intermediate (A) would be relatively short life and easily changed to the siloxane 

polymer (B) by the condensation reaction of (2), (2')» etc. 

[Chemical Equation 4] 

Si(0C l Il a )4-H0-Si(0C,H»), (A) -~(CiH»0)i Si-0-$i COCH*), (B) 

[0035] The aforementioned silanol intermediate (A) possesses the active Si-OH group; 
thus it is highly active. Therefore, in addition to the property of easily polymerized, the 
polarity inside the molecule is also large; thus it is easily adsorbed to the substrate 
surface. Meanwhile, the siloxane intermediate (B) is low activity; and due to its high 
boiling point and low vapor pressure, it is highly possible to become liquid at the film 
forming temperature. Also its polarity is low; thus it is considered that it would be 
difficult to be adsorbed. 

[0036] Therefore, in the thermal CVD reaction of O3-TEOS, in the case where the 
silanol intermediate (A) would mainly contribute to the film formation, the adsorption of 
the silanol intermediate (A) would occur rapidly and then by the ozone oxidation of the 
excess ethoxy group of the adsorbed molecules, it would become polysilanol 
(Si(OH)n; n > 1). And the formed silanol would become a new adsorption site and the 
vapor phase film forming kind (A) would be adsorbed here again. This would continue 
to progress (adsorption-decomposition mechanism). The reaction of the (A) is active; 
thus, the life time of the intermediate would be short and the adhesion coefficient would 
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become larger. To the position where the supply of (A) is easier, high speed adsorption 
would occur and the step coverage would be deteriorated. And, the possibility that the 
silanol would remain as is inside the film would become higher; thus, the film quality and 
the homogeneity of the obtained oxidized film would become relatively poor and there 
would be a tendency that more water content would be adsorbed to the surface. 
[0037] By contrast, in the case where the siloxane polymer intermediate (B) contribute to 
the film forming, since adsorption would be difficult to occur, it is considered that the 
difliision (flow) by the surface tension of polymer onto the substrate surface would 
control the film formation. The polymer spread to the surface would be silanized and 
polymerized by the ozone oxidation again; however, the free silanol density to appear to 
the surface is considered to be small; thus the vapor phase intermediate film kind (B) 
would be deposited again by the flow (polymerization-flow mechanism). The life time of 
this intermediate (B) is long; thus the step coverage would be raised to become flow-like 
shape. Since the residual silanol on the film surface and inside would be reduced, the 
film quality would become relatively better. 

[0038] In any case of the control by the intermediate (A) or (B), the chemicals deposited 
by the heat and the excess ozone would eventually decompose-oxidized to form Si-O-Si 
network to approach the non-crystalline SiC>2 closer to the chemical theoretical-ratio. 
Furthermore, it is not that only one side of (A) and (B) would contribute to the film 
forming; it is considered that the 2 kinds of chemical type would always be involved. It 
is thought that the balance of the involvement of the (A) and (B) to the film formation 
would change by the ozone concentration and/or film forming temperature, etc. film 
forming parameters and/or the surface condition of the foundation. 
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[0039] [3. The relationship of the surface condition of the foundation and the vapor 
phase chemical reaction] 

It is clear from the aforementioned mechanism that by the balance of the film 
forming chemical species in the vapor phase, the shape and size after the film formation 
would receive a great change. Here, in the conventional method of not applying an 
organic compound treatment to the foundation surface, the Si-OH adsorption sites would 
be distributed in high density to the foundation surface. Because of this, it is thought that 
during the film forming of O3-TEOS, among the vapor phase chemical species, the 
silanol intermediate (A) would be immediately adsorbed to the surface without waiting 
the polymerization reaction. The adsorbed silanol would immediately receive oxidation 
by the ozone or heat to form a silanol which can become a new adsorption site or by 
receiving attachment by other silanol intermediate (A). From here on, the film deposition 
based on the adsorption-decomposition mechanism (mainly controlled by (A)) would 
continuously proceed. And, it is considered that the deposition controlled by the siloxane 
polymer (B) would proceed in parallel although this percentage would be smaller. By the 
mixed presence of this two film forming species, localized change of the film quality 
would occur; this is thought to become a cause for the unevenness when it is etched by 
BHF. 

[0040] By contrast, according to this invention, the foundation insulation film is treated 
by an organic compound to completely eliminate the adsorption active silanol of the 
foundation surface; in this case, during the O3-TEOS film formation, the silanol 
intermediate (A) would not be adsorbed by the substrate. Therefore, the staying time in 
the vapor phase would be prolonged so that the probability of changing to the siloxane 
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polymer (B) would be raised; thus, the among the vapor phase film forming species, the 
percentage of the (B) would become higher. The siloxane polymers of (B) would spread 
to cover the substrate surface by the surface tension. Further, this polymer does not 
possess the active silanol; thus, once the film surface is covered once by (B), the silanol 
intermediate (A) would no longer be adsorbed. From here, the deposition would proceed 
totally by the flow of the siloxane (B) as the main body. Therefore, an oxidized film 
excellent in burying ability, in flatness and in film quality can be formed. 
[0041] As described above, the condition of the substrate before the film formation 
would decisively affect the film forming mechanism afterward all the way to the end. 
Deducing from the aforementioned mechanism, in the treatment by an organic compound 
before the film formation according to the present invention, if the organic compound is 
adsorbed to all of the active adsorption sites of the foundation surface, a perfect effect 
would be obtained. The organic compound can be any kind as long as it would not be 
dissociated at the film forming temperature of about 400°C. Especially, the high polarity 
acetonitrile or the low class alcohols having esterification function are considered to be 
most suitable since they can stably remain without dissociation at the film forming 
temperature. 

[0042] Furthermore, by the surface tension, the siloxane polymer would flow. At the 
very initial process of film forming, the absolute value of the surface tension between this 
polymer and the substrate surface is very highly possible to provide influence to the final 
flow shape. Namely, the wettability between the polymer and the substrate surface 
completed with the organic compound treatment is important. For the kind of the organic 
compound, those which would adsorb or esterify the chemical species having good wet- 
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ability to the polymer by the treatment are desirable for obtaining good flow shape. It 
can be deduced that the treatment by ethanol or 2-ethoxy ethanot which possess the same 
functional group with the polymer would actually provide the desired result is due to the 
above reason. 

[0043] In the above illustration, a case of O3-TEOS CVD insulation film was descried. 
However, in the present invention using other raw materials which contains Si and at 
least one kind selected from B, P, Ge and As in one molecule, identical mechanism can 
be considered. This is based on the theory and the experimental results; however, it is 
strictly a reasoning. Needless to say that this invention is not limited in technical range 
by this reasoning. 

[0044] For the compounds containing Si and at least one kind selected from B, P, Ge and 
As in one molecule to be used in the present invention, the following can be listed. 
Compounds containing Si— B: b((0SKCH 8 )»)j . (c&MiOBtt &), 

etc. 

Compounds containing Si— P: :P0((OSKCHi)i)« , P((0Sl(C 

hhh, <Oi0)MSi(0CHj)i * Si(0P0(0CH:)2)« 

etc. 

Compounds containing Si — Ge: si(0CHj)>OGe(OCHj)j . Ge(0Si(C 
Hs)i)<, Si(0Ge(0CHi)s)4 - 

etc. 

Compounds containing Si— As: mm (CHa h h % As ((0Si (CH3 ) 

j)s , (CHjO)AsOSi(OCHj),, Si (OAs0(0fflj)»>4 

etc. 

Compounds containing Si — B--P: po((OSi (CHi)OiOSiOB(OCHt) 

1 , P0B(0Si(CH*h)s . 

etc. 

Compounds containing Si — B-Ge: ((CHi)sSi0)2B0B(0Ge(CHi)i) x 
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eta 

Compounds containing Si— P-Ge: P0(0Ge(CH i)i)iOGeOB(OC PGB(OGe(CH*)s>> 

etc. 

Compounds containing Si — B — P-Ge: po(OGe(CH s )i)aOSiOB(OC 

POBCOGcCCBOiXOSKCHi)!)^ 

etc. 

And, 2 kinds or more than 2 kinds of the above can be mixed for the application. 
[0045] For the organic silicon compounds which can be used in conjunction with the 
aforementioned compounds containing Si and at least one kind selected from B, P, Ge 
and As in one molecule to be used in the present invention, the following can be listed. 
[0046] Tetraalkoxysilanes include the following: tetramethoxysilane (TMOS); 
tetraethoxysilane (TEOS); tetra-n-prpoxysilane; tetra-isoprpoxysilane; tetra-n- 
butoxysilane 

[0047] Alkylalkoxy silanes include the following: methyltrimethoxysilane; 
methyltriethoxysilane; methyltri-n-propoxysilane; methyltriisopropoxysilane; 
ethyltrimethoxysilane; ethyltriethoxysilane; ethyltri-n-propoxysilane; 
ethyltriisopropoxysilane; vinyltrimethoxysilane; vinyltriethoxysilane; 
phnyltrimethoxysilane; dimethyldimethoxysilane; diethyldiethoxysilane; 
diethyldimethoxysilane; diethyldiethoxysilane; diethyldi-n-propoxysilane; 
diethyldiisopropoxysilane; methylvinyldimethoxysilane; methylvinyldiethoxysilane; 
methyldimethoxysilane; methyldiethoxysilane; dimethylvinylmethoxysilane; 
dimethylvinylethoxysilane; 

[0048] Polysiloxanes include the following: tetrakis(dimethylsiloxy)silane 
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[0049] Cyclosiloxanes include the following: octamethylcyclotetrasiloxane (OMCTS); 

pentamethylcyclotetrasiloxane; tetramethylcyclotetrasiloxane; 

hexamethylcyclotrisiloxane; trimethylcyclotrisiloxane 

[0050] Disiloxanes include the following; hexamethyldisiloxane (HMDS); 

tetramethyldimethoxydisiloxane; dimethyltetramethoxydisiloxane; 

hexamethoxydisiloxane 

[0051] Alkylsilanes include the following: monomethylsilane; dimethylsilane; 
trimethylsilane; triethylsilane; tetramethylsilane; tetraethylsilane; aryltrimethylsilane; 
hexamethyldisilane 

[0052] Silylamines include the following: dimethyltriethylsilylamine; 
diethyltrimethylsilylamine 

[0053] Silane nitrogen derivatives include the following: aminopropyltriethoxysilane; 
trimethylsilylazide; trimethylsilylcyanide 

[0054] Silazanes include the following: hexamethylsilazane; tetramethyldisilazane; 
octamethylcyclotetrasilazane; hexamethylcyclotrisilazane 

[0055] Silane halides and their derivatives include the following: trimethylchlorosilane; 
triethylchlorosilane; tri-n-propylchlorosiiane; methyldichlorosilane; 
dimethylchlorosilane; chloromethyldimethylchlorosilane; chloromethyltrimethylsilane; 
chloropropylmethyldichlorolsilane; chloropropyltrimethoxysilane; 
dimethyldichlorosilane; diethyldichlorosilane; methylvinyldichlorosilane; 
methyltrichlorosilane; ethyltrichlorosilane; vinyltrihlorosilane; 
trifluoropropyltrichlorosilane; trifluoropropyltrimethoxysilane; trimethylsilyliodide 
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[0056] Furthermore, for the organic silicon compound, tris(trimethylsiloxy)borane, 
tris(trimethylsiloxy)phosphoryl (SOP), diacetoxydi-tert-butoxysilane (DADBS), etc. can 
be used. 

[0057] As the foundation oxidized (oxide) film in this invention, heat-oxidized film 
and/or the LTD using silane as raw material, the NSG using HTO or TESO as raw 
materia] can be listed. 

[0058] For the insulation film formation based on the chemical vapor phase growth to be 
applied after the organic compound treatment, the normal pressure heat CVD or the 
reduced pressure heat CVD (1 — 760 Torr) or the photo CVD, plasma CVD, etc. can be 
suitably employed. Especially, the normal pressure or the reduced pressure (near norml 
pressure of ca. 400 Torr) CVD is very suitable. Generally, the leaf system equipment is 
advantageous. The raw material compound is supplied to a bubbler heated to a specific 
temperature and delivered to the film forming chamber by bubbling with carrier gas 
such as nitrogen, oxygen, helium, etc. For preventing condensation, it is preferable that 
the distribution tubes after the bubbler are heated. And, for the reaction gas, oxygen or 
oxygen gas containing more than 0, 1 wt% (preferably more than 4 wt%) concentration of 
ozone is to be employed. Furthermore, it can be suitably diluted by nitrogen, etc. inert 
gases. The flow rate ratios of these compounds and the reaction gas and the carrier gas 
are not specially limited. The film forming temperature of insulation film is from 200 to 
500°C, preferably from 300 to 450°C. 

[0059] And, after the completion of the insulation film formation, by performing re-flow 
of the insulation film at a temperature above its softening temperature (preferably above 
400°C), the surface can be made smooth to further moderate the step difference to 
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completely eliminate the weak portion (key holes) of the film. In concrete term, the re- 
flow temperature is generally more than the film forming temperature, suitable in the 
range from 700-900°C. 

[0060] In this invention, it is aimed for complete flatness; thus after the re-flow, a 
flattening treatment can be applied. For this flattening treatment, an example is that after 
forming a resist or SOG film, etch back in conjunction with doped silicate glass is 
performed. 
[0061] 

[Implementation Example] Below, implementation examples of this invention are 
illustrated by referring to figures. Fig 1 shows a portion of the semiconductor device 
manufactured by the method based on this invention. An eight-inch silicon wafer was 
prepared. Onto this substrate, 1-um poly-silicon film was formed; after this, by etching, 
the poly-silicon, the step differences of the poly-silicon 12 of pattern width 0. 5 um 
height 1.0 um, space width 0.5 um were formed. The aspect ratio became about 2. This 
substrate was washed with water and then the heat oxidized (oxidation) film 13 of 
thickness 50 mm was formed by dry oxidation. Next, for the organic compound 
treatment, the substrate was attached to a spin coater; while it was being rotated at 3000 
rpm, 3 ml. of methanol or ethanol was dropped within 1 second. The rotation was then 
maintained for 3 minutes to carry out drying. After this, the substrate was transported 
into a film forming chamber; and by the normal pressure heat CVD method and by using 
the various kinds of raw materials shown in Table 1, the insulation film 14 was formed to 
ca. 600 nm. During this film forming, the raw material gas was assembled into a bubbler 
maintained at 65°C and transported by bubbling with ca. 2 sml of nitrogen gas. For the 
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reaction gas, an oxygen gas mixed with 5% of ozone was employed. The film forming 
temperature was 400°C and the film forming time was 10 minutes. After the film 
formation, it was re-flowed under conditions shown in Table 1. Thus obtained insulation 
film 14 was investigated for film composition and flatness; the results are also included in 
Table 1 . In the table, the burying ability was evaluated by cross section electron 
micrographs; and the flatness was obtained by calculating the tapered angle 0 shown in 
Fig 2 through the inspection of the cross section electron micrographs. 
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[0062] 
[Table 1] 




Raw Material Raw Material Burying Tapered 
_______ Ability angle 



Ethanol 
Ethanol 



BCCOSKCH,),), 



B((0Si(CH,),),+ 
P0C(0SKCH,).)> 
(1 : 1) 



Ethanol 



Methanol 



AsOCCOSKCH,),), 



SiC0C,H s >« + 
B((0Si(CH>),), 
(1 : 1) 



Methanol 



Si(0CHi) 4 + 
PD((0Si(CH,),), 
(3 : 1) 



None 
None 



BCOSUDU),), 



SKOCH,), + 
P0(C0Si(CH,).)» 
(3 : 1) 



Excellent 20° 
Excellent 18° 



Ethanol j"frK0Si(CHi) a )4 | Excellent 



Excellent 



Excellent 



35° 
28° 
19° 



Excellent 18° 



Re-flow 



T emperatur e Time 

700°C 30 min 
700°C 30 min 



Poor 
Poor 



>90° 
>90° 



700°C 30 min 
800°C 30 min 
700°C 30 min 



600°C 30 min 



700°C 30 min 
600°C 30 min 



[0063] It is clear from Table 1 that in the comparison examples without treating the 
foundation oxidized film surface by using ethanol or methanol, the burying-ability was 
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not perfect and the film quality was also poor. By contrast, in the implementation 
examples, the step difference was completely buried and the film quality was sufficiently 
good. 
[0064] 

[Effect of the Invention] As described above, in the manufacturing method of 
semiconductor device based on this invention, prior to the forming of the insulation film 
by the chemical vapor phase growth by using a compound containing Si and at least one 
kind selected from B, P, Ge and As within one molecule as raw material, the foundation 
oxide film is treated by an organic compound; by this simple treatment, an excellent 
insulation film which is excellent in the burying ability of the step difference spaces 
possessing high aspect ratio and possesses no void in the insulation film can be formed. 
And the insulation film thus formed is less in water content and superior in the resistance ' 
against water adsorption. And there would be no worry of crack formation in the 
following treatments; thus the performances of the elements can be improved. 
Furthermore, there is no worry that the treatment by ethanol would damage the 
foundation; therefore, there would be no worry that the electrical properties of the 
semiconductor device would be degraded. Further, it is superior in flatness. 
[Brief Explanation of Figures] 

Fig 1 is the cross section showing a semiconductor device manufactured by an 
implementation example based on the manufacturing method of semiconductor device of 
the present invention. 

Fig 2 is a diagram illustrating the evaluation method of the flatness. 



[Explanation of Symbols] 

11... silicon substrate 

12... heat oxidized (oxidation) film 

13... poly-silicon 

14.,. insulation film 
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B, P, Ge&tfAs#&Stth&^ft<i'fe-8££tIfc 
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B. P. GeRWAsA»&a«nfc4>ft<tfe-H&-&tlft 
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^euwasnr >j 7 D-rsa^JS i x\t 2 e«©¥js 

[000 1] 

[SSUi©f<lffi#£] C©559IB, ¥¥#gfi©88g£ 

fe« ii#fcm^2SftSh7>s?^©y-h#u^>ja> 

tf-iSS <fctf -> U 3 >»S#i6©!KaSftl||©±tJg«iS n 
5® 1 ©imfc^roj&fcfr&fcK* 5 fc©Ti&*. 
[0002] 

[ft*©&tS] i£¥> VlSI5VWX©SS£l«ft;, SffiS 
£#■3 THOSFET©^- Ml t>*3 < fc D « COCfcfc* 

d y- h # u -> y 3 >*«fc^-> 'j 3 >&Kfti2©ag© 

1 ©SIB»^©!8OT^©S&&*!j™cfc?TS 
TV»5. 

[0 0 0 3] C©£3KK7X^ hifcfcfc'P&RfcK 
±tt&R©ieSH*}gfirrSfcaft:oTtt, *«->5> 
©— t3TfcSTE0S (tetraethoiysllane) t* x />t%M 

tf'JXP) £F-:/LfcTE0S-Oi BPSG (borophosphosil 
icate glass)KS^iaETSCt^ft6nTV^. 

[0 0 0 4] £©J:5tt*7>-%«->5>©S^3tfX 
fcJBV»*»ECTD fctt. 09AtffcPII!B6l-77695^&?81> 

rS^ft^J 56, No. 7(1988), 527 ~532 Hfe£CE« 
SftTV>5. ^SS'^iLTttlEOSOetraetho 
xys i 1 ane) , TMOS ( t e 1 rame t hoxys i 1 ane) , OMCTS (oc t ane tb 
ylcyclotetrasiloiane), HMDSOiexaiethyldislloiane) 

[000 5] 

mwtfm&bxottzmsi t^t\ ±eteos-o 
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tfc*t, u7D-s©?att*J+»r)&:<, ao'j7n 
>*-*«»if *e#? tsk &*k::?*it, y- hsft 

R*flJgLTB^P*»5"J3>*«4'tei!;«1-*, B*> 
P©y~hKftK55t&«t^SIStft-3T<-5. CO* 

*J?T, ai©JBIBHB8WtbTtt. B*PS=FW«|L 

6. *-f F©SS£*«!i>ftV>££, K^X*^ft^Ct7i 

£©tttt*jgH£rr$&sa<<fca. 

[0 0 0 6] C©*5tCBPSGK©ft*3 0lCB^P4h*- 
7l/fcV>NSG (non-doped silicateglass)R£&ffiT-5 
«£. C©NSG K»T»tt#tt*^Vifc*. fifiFfcRR 
&^-T5t)©S^l8cT5CtttBjn?fe«. C©«k5?i 

Sg40@jSffi®8#*&^$S&P.579, 16P-ZQ-6, 1992^9 

[0007] zom<om\i±&isitmio>mmm 
Sftis©±c»js« nattftia t vxm ©wwc 
fimxtso, ««t»©*»#iJ>fc<. K?&§=fc'>&v> 

5 C fc©Tt S^SSftgfiwKit^Saft U* 5 tt 
-5fe©T»*. 
[0008] 

[Kffi€«*-r5fc«e)©^g:] c©^ic*5¥»#« 
e©»jg#ifctt. *«»sa©isgKs^-r<E)icsfe 

0. a-TFiSKftKfejfgfiEl/. *V»T?C©T*llfliM© 
B, P, GeRi;As*^S«nfc^&<tt.-a*^tJfl; 

5. - 
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-40- 



3 

looio] *fcft^affliss«cj:5(eiaBt©^a, 
loom i5iBcD^r8Mt#«tuTtt. jgffijsu&fc- 

<ffi7;kn-;k mmPFt&B-GTfrZ-fr. %$m7 
*3-Jk BWWMJ$«7*3-Jk 7^xbF> x 

-hn 7Jk* >, 73 

>. 7->;w=Ku;k &73F. mz&fciimmtf 

[0 0 12] mmwm-mr)vzi-)vm 
m xtfJ-)V, i- fun/-)\,, 2--?nn/- 
Jk 2-*?)V-l-7un;-fr. 
2-?9J-)V. 2 2 -7un J -;k 1 - 

*-2-7*/-Jk 2-;*3MV-2-7*/-;k i 

[0 0 13] KJteft^tefP-tf 7;ka-;Hg : 7UA-7 
;K3-;k T't^Wkr;^--^ 2-^?;i'-3-^ 

?>-2-#- 
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[0016] 7;krfc F : *Jk6>7;Vx t F. 7-fe F7 
;k^tF. f»J 

[0 0 17] X-rJl' : ^x^VX-^k 
>. f h7kHn77>. xh7hHD7;k7U;V7;i' 
a-* 

[0 0 1 8] irb>-*rb7frn-Jl:7*h>, 2- 
*S7-tb>7fr3-n>> r^uv{;b>, 
&K7ntik> 

[0 0 19] #;k#>R : m RK, yot!* >», 
^Ua-Mt ILK. A8Sx^ 
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-f , /7'Dfcr/k7SX 7fVk73>, -fy7?\fc7S 
>. 7UJkTSX 7X'JX hJKi'X X?W->S> 
75 X vX3\>k75X If^-fsX v7ntf;u 
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X?;k75X HJn:7t3fc!Jk73X Fl)n7?Mk7 
5 > 

[0 0 2 2] 7X/kXHJ;i>g: 7-fchxHJjk 7n 
tr^-yxh'JJk 7?nxHJjk 7f 'JaxMJJk 
nxMJ;k <<x/xHj;v 

[0 0 2 3] 875 H : #;k475 F. 
A75F. N, N-vV?;Wk473F. N-*?^ 
7-feF73F, N, N— X*3Mk7-feF7SF. 

io [0024] wmm&k : tf u yx +«/ y x e 
n~;k t^>ji?x tr^^x *Jk*ux 2-tr 
nysvx i-^?;p-2-t;DU^/> 
[0025] nmftGto&m&thx&, **#*x7 

zm&mm. 7 7 &#m£®0m*izm 
m*msm* w«fc-s-®©$ift£*7k--r$x7' 

tt5*-xX7a-3-MBV3Ifc£, ffl>TOS!L31S*«Rl 
[0026] 

fc«nrn« t i fe < , #1 K-^jf 

5©T*«. ^ Sic, -iH^rttCSJMl^lCB. P, CeS 
UT«l»**6. «Lffiit*S5»£U i0<£mgT'J7Q 

40 (0027] £©±3 icT««B*«m#*«ia'r * 
[0028] [ i . Ta^SK^Biox^ y -jvsaaic 

±*»S3 »SMtLTffibnsSiH 4 »5VittTE0S^- 
^©77XTCVD KfcK*«CTMSfc«, Si©^K^BT 
ttVifn'b^fflHOSiOj &5V»liSi0: ICi5V»ififi6©=b© 
53 Tfe*. #SHSiOj©S^®tt. 7*n-l:X(t"ib<E.^tt^ 
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agB3t*©;Wc«fcoT«&K:*»sn. Sl-OH ©->5 

ssi-oh it, *gm&&oVi»si®£z : ?tM$?\i£, 

-0 — H 

oTH5. SHE fctt. Ce#«0fc«Cfftt0ftV># 
7 ■?&S**7fr3-)Vt£ t*S5l< !RSrr«ttH*»* 
5. 

[0 0 2 9] CO±3K«B*«Si-flH ajftSCftSflftS 

etm ®©*fto<±i;$£«£an.s. 

ana. *©®*an*ftai*t«<fc£®i©ffi!i©ffitt-c 

*ra©§&a-c88rana t^gan*. 
[0 0 3 0] si-OH II, 

■f*R(Lewis acid)iL.-Cbtfig. te©gttfc*SSS* 



-*i©|fflTStS7;lo*v/JVS©£&£fcT&9. 
MZ\ixi> : CjHsOHiiffilHjT 
Si-OH +CjHsQH= s Si-OCiH!+H a 0 

©<k5fcx*frJWfcE£*<g::*. ccTJ&ian*Si 
-0C.Hs©^ttgJ6TaST»D, Si©g«SftB©± 

Kj&sanfcsi-ocj&iwoo "c©Kfcttgii£T*>»+ 
#&±©$i*s}rT£. 

[0 0 3 1] £t±©J:5lc. *r«fcS«*fc£$&«fcS 

v>ft#«T©ji!isc<fc?T, M§esm£«>#?©fc# 
[0 0 3 2] C2. o,-reos 3S©a«ft^aststffi+ 

jjaRtt#ffl tCSTOi-TEOS ©SSCVD J&R 

(fic#«t--5tanTH5. -^a^y-^gs^rr 

£fc.©: H0-Si(0C>Ht)« (A) *©<fc5fcrB0S (Si 
20 (OfcHOO iK?i£R3Ji COD 0{t¥R&?3ilSrrzt 

mz.p>nz. **, TBOstOiiiis^iiKiS-a-f, as© 

Htttt0i©i»*HreB£**K7^* CO) 

s tan-ens. 

[ft2] 



Si(0C,H,),+ 6 CO) -llO-Si(OC,ll,), +2C0, + 2H.0 



■CD 



[0 0 3 3] f^to-feSiCjS'&bTHiX 

*T?*6. (1) StttMH«9ftBMb4ja«i*C0i fcfcO 

(CHsOH) , (CHiOH) , 7-feh-7;i^tH 30 

(CH.CH0) , 7*;VA7^tH (HCHO) , #86 (CH.C 
OOH) . ¥K (HCOOH) fefc'£&Srr*'b©fc%*.e>tl& 



[0 0 3 4] fe5-^©flfflft:tt, '>a*V>3L&# : 
(CjH.0). Si-O-SKOCHs). (B) Tfc*. CntS±E 

CD sc-c4drt-55/5/-;^m# (a) ©fit£ic«fct> 
TC2)**^tt(2' ) ©«fc54K«ic«fc-3T«i5ean« 

fc©t^6tlS. 
[ft3] 



2H0-Si(0C»Hs)j -(CllsO), Si-0-Si(0CsU,),+iljO -(2) 

Si(0C,H,)« + HO-SiC0C,IU), -(C,BiO), Sl-0-Si(0C,H s )j + C 2 li,0H -C2' ) 

JMBl»-CCD3/?y-/kD#lWtHBfc«V>t#Jt6n6 ★ (B) lOWfcr*feOts»jL6ft*. 
©T, •>5/-^*IBl^ <A) «. J±ttW®*T, (2). [ft 4] 

(2' ) /if©|g#Ej«:ic<fct3T$Sfcv'n^-9->S-&ft* 

Si(OC,IU),-H0-Si(OC 2 H,) J (A) -(CM), Si-O-SKDWb), CB) 



[0 0 3 5] «iiE©5'5/-;HPIB]ft (A) J4, ^1*3 

Sfi^Btc^trK^an^rvi. -%~>n*v>*m 
# (b) ffisttTfto. sfcm* • exftEfc® 

at><iNavi©rR»ttanc<ut#^sn5. 

[0 0 3 6] LfcjStrsT, Oi-TEOS ©&CVD EJSItiSVi 
T. i/9J-A>Wm (A) ^^BStC±lC^T4«^ 
WU (A) ©Sfi$®^©3&S*Hi§*;WCg;:0. 



0#'J->7y-;V (Si(OH)., n>l) fcU *UT£ 

titom (a) tfimtms-rz. tv^iitasfrr 

S£%A5>ns (K«-#*8M» . H© (A) ©as 

%mw±z<tei). (a) ©ftj&an^i-v^&^o 
t\zttz. *fcv-7/-jw^-5-©**Rfta?rrs56¥ 

t)±*i*o-e, $5hfcKftlB!©&K*-E-©$H4tttt 



-e©Sfa*Xfe^©*^fcXb*xS©*'/>8fctC<k SO fct>TLS;5. 
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[0037] zfttftmmz->u*v>m-s#<piiaft tw» (a> &&&m*2tnr. &M<ommr\t±x 

ssss^roa^ttoswaa (S5 ctcfe^T, &K©&#&Kfc 

&fi&*H:||S*\/>Kfl:K:«k«.>'5/-;Wfca:a^fe [0 0 4 1] EUiE^fci;*!)* &Kfia©S«©#J8 

[0 0 3 8] (A). (B) frvrn®*HffeB<£ETS X^y^fffflOftattBT^a-^tt. COJfcM* 

V-t> ft&ftttJtCBttlltMSIOi fcfi:* [ 0 0 4 2] ftfe, JMnU&fc£-9T5't.*-0->aft# 

<. &*, (A) . (B) ©t*-66^-*«^«RK «txtr«, *H©**»»©iMe*v»T, c©a£ 

■4T*kV»3Ctttft<, ^fc2a©fl:^a*tH#u #igtggmfc©ffl©imKrt©«fi*HitS> S^©7D 

TV>«i»X.6n. *Vf>*W**«llflefca:©*Krt -$ttlC#*6#A*<*te&W>. -rfcfc-&a##£ 
5^-^^»T«©«H ! RlBfcJ:'3T (A) . (B) ©j£ a? #«fcS"®$3#*S££®£©i£ntt**agT&0> 

[0 0 3 9] (3. Ta©^®«ffitaffift;¥S*:©K ffiMftMfc«»ilxx?A4t3lKCfcft AV>7 

DO ±E^*xXA©aW^ 6^6^**5 Off* D-»ttS#*fc»KH3l*UV>. B£#£H-©lrfB 

OdtlMIS^a® C±oTj«»©aM*i4**fc SS&-PX* y -JH> 2-1 f»*->x* £6ft 

gfc&gfr*. ctefcWT. Ta»fSfc#afl;£«jffi »«B,fcfeff*U»l&**-«.T^*©fe, *ofc* 

h*»w*are**LT3sD, *•©&*, Oi-raos ©& [0043] a±©ssi9ma. o,-teos cvd tmrno® 

£T. (A) *QaB«ia!8*-4MSl««Ci f&Ti&*. 

ai»«3»»««UTjtffr«. *ft, ->n+u->a^# [0044] c©5wrp«v>*--iHFrtfc:sisKncB. 

(B) fcj:S*Kfe. (A) tTfflr P, GeRtfAsa>Sgtfnfc4>&<i"fe-S£^tffc£® 

ttffTS£4A.&tU XO©jfjajffl©jR«Efci«BW© fcLTtt, &©t>©#£tf&ft-5. 

JMttfcKMMBtO. cn«<BHP Tlyf^^lfci Sl-B««tKb««:B((OS!(ai)i)i , (CH a ),SJ0B(C 
*©06©KHfcatjT^*^ffitt)»J*.5i*A6n 

5. 40 Si-P£-&tffc-&«j:P0((OSi(CHi).)8 , P((0Si(C 

[0 0 4 0] cnir^UT. C©JW!fcttV>. Tftl&ft &)»)«. (CH>0)POSl(OCBs>s . S1«V0(0CBs)j)i« 

■l*#«fc*1fcT«aU T««HO!MHStta:4'9/ SI-Ge*«Hb^h:SI(OCHi)iOGe(OCHi)i . Ge(0SI(C 

-;V££T»Ufc*#ii, 0»-TBOS ©dte©Bfc5/5/' Bj)»>4, Si(0Gc(0CH s )i)4 « 

-JWB# (A) *tg£t;:?££;*ttSwittfc<fc5. Si-As«£tffc^:As0((0SI(CH»>«)i, As((0Si(CE>) 

ufc#oT^+r©ifmwa«*tf. ->n*-s->a-s- ,), , (c&o)Asosi(ocH»)i, si(oaso(och s ) 2 )« % 

» (B) C*ftfSil**J±*«S&», ftffifAKfc? Sl-B-P«^tHbM»:FO((OSi(CBt)i)tOSi0B(0CBi) 

8©ipT (B) ©MB-AtSKftS. (B) ©i/D+U-> » , P0B(0Sl(CH>) s )i % 

B'&frtt. »«^®S#®3*fci-3Ta5J:5lrttat Si-B-GeMrtHte* : ((CHi),Si0) 2 B0B(0Ge(CM,),) 

5. U3»>few©a'&flc»4iStt&>'7>'-^«£t)^TV»a 3 « 

V>©T, KSlSAt (B) T-Sfifcnat, 50 B-P-GeS^tlft'&te :P0(0Ge(CHi).) l OGeOB(OC 
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9 

&).. POB(OGe«Hs)>)> « 

Si - B - P -Ge*£tHb£* : POWGeCCH.)!)! OSi0B(OC 
B>)>. PQB(0Ge(a»)»)(0SI((B»)i)i$ 

St ^ n e> oft-&«io 2 seuss^ foe v» 5 z 1 t> 

[0 0 4 5] Sfc-bG-ftTAtSUttteB. P, GeR 

[0 0 4 6] xb^T^^^S/^^tl/T^rotfe 
XIEOS), f^7n7*n#*-XV7>, yh9-fV7*o 
[0 0 4 7] 7fr*JV7)V=l*is$'9>tLrX<Db& 

x?;> h y v 7*o#*->->5 ex;v by* 

fcTx;kf.yxh*->->5X 7xrjH»y*h 

>. ylf;Vy> h+yy^X yl^yXh^yy 

-7j*?Mh;x;m h^->->7>, -7*?;nfx;vxh* 

[0 0 4 8] #'J>'n^iJ->tLT:7 1 h7+^ 

[0 0 4 9] •>9Ui'V3rD->tVC&<Dt&r) l*>> 
**^->?nxb?^n*if>(0MCTS) , -^>9^ 
il'y?Dfh7i'aWX x h7>?;Vv'5'Dr h7 

*5^->7nhy->n*-s-> 
[0 0 5 0] i?->n+U->tUT^CDi:*0 : ^IJ-;* 

o+iJ-X V*f-frv-\>9* l-*x;>>n*-y-X <\* 
•if;* h+->^->D^U-> 
[0 0 5 1] 7Jl'*»>'9>i:LT;*c©£:*S0 : 
*JP5/5X VU-fr'syy, HJ^Jl^X HJ 
x5-;V->5>. r^^fJ^X x h7X3\)V->5 

7V)Vh>)*?Jlr>5> 

[0 0 5 2] ^'J^JS^ttT^rot^D : *?*<f>fr 
V VtTJVi' U JV7 5 X -7x?-;l/ h ij *f-n,$>i) )V7 

[0 0 5 3] ->5>SSlSI»fttLT^Ot*!3 : 75 



(6) 4$B8¥6-28 3 5 07 

10 

;7*DKJl>HJXh*S'->9> 

Hj>iyA^o*Ts>i*, K'j^?;u->u;v->7^'f h 

[0 0 5 4] v7-!f>fcl/T*©£:£0 : ^tMrJV 

*7**rVV->?nT-h5S/?1fX <\tt*?Jlr>i; 
□ h'Jv'7lf> 

[0 0 5 5] Aoy>fc^?>£t*S§*#iUT;fc©t 
330 : MJ^JV^nns^X HJx3MV7na->9 
X h'Jn7'at:MDDy5X >ifJ|r^DD^9 
JO X v^r^un^X iraatfjv-Jt^jvau 
n->9X 9an*?JUb l )*f-fr's9>, 7na7"n 

^W5>?nnj'9>, 5>x^A-3>*nti5/?x * 
fJHf-;v-^i'Dnv'5X ^^PHJ^nns^x 
xf-»h l Jirao^9>, K=AHJ0nu5'9X b 
y 7an7*nfc:;H>y7nn>'9X hU7Pn^ntf 
;w h u * h 5 x h u ;* 3^-> y *7-r tf^-r 

K. 

4? [ o o 5 6 ] s 6 *r a*n>j&fl;£fe t uxe. h y 
/w^n**') *7*u;ksop) , smsMrS'JM 

ert-7>*v'->7>(DADBS) fcHfcE^SCfcj&nrS 
5. 

[0 0 5 7] CO^Wfc*^5Tffl^tKiLTtt. & 
->?>SJS»i:rslI0. HT0 XttTEOSSJI 

[0 0 5 8] *«fcft1MHftfcJir. <b*MB£ftl= 
i:S»S8S©^±. ftESBSCVD Xtt«E««TO (1~ 
50 760 Torr) **Wi3feCVD , T^XTCVD UHtmmH 
t*. |»K*BEXB»ffKfiV» (-400 Torr) MBECVD 

SSR. K*, '\y*Afc£***y7#Xfcl/Ot7y 

«S«IK±©&8i), lrofflSh*::i:*»asbv». 

i'©?RStt^7>-e2Lai&f?1-5 C t BTtg-Cfc 
40 5. cn&ft^4Sli:S*:^Xt+^'J7^7i©ii5aJt 
!4»t:l8SSn&^. &££©j£Km£tt200 -500 
"C, Hm\Z\i3X -450 TCT&S. 

[0 0 5 9] £&^S«ftR©»ttftlC, ffii@^©$)C 
ft^«±©S«, ff * t, < IS400 "C6[±T U7D -f5 

**. C©A#«ft'J7n-fiKtt, -«fctt, fiS&i! 
KBLhTJfeD. 700 ~900 tTCfeft. 

[0 0 6 0] c©»^-ci±, %&tt«vsfl:«l»u 
so r. U7DHnse¥ttHt«c£t , rtfi. c 



-44- 



(7) 



6-283507 



12 

[006 13 

foTBWr*. H 1 fcjfcTH 1 ttC©B93IC,fc5;£fc«C 

1 jih©#U->U3>£jSRU ■€"©&, Xy?>^T 
•5££fc:«kD, ^->*S0.5/iii . BS31.0 md . X 

*©7X^i'hitK*32fc&?fc. H©S*ES«*Tft 
IMt. H7-rSftTJ»*50nn©«b»flJtl3S^Lfc. 

Dtttt, 3000 rpBTECStt^/^y-^XttXiV 



1? 



20 



*£fflHTlS»Rl4«»600 nn^aixfc. CCtfRICSS 
»2 sli©3£#*Tn7U>?3-&T«21U 

ag«4oo "c. iiKR^miiio^tbfc. mmt. *i 

#&;fc<fe©T&£. 
[0062] 
[SI] 





ISC ft 




mm 




IJ7D- 


'J7o- 
UIB 






BC(0Si(CHi)t)i 




20' 


700'C 


30 mi a 






BC(0Si(CH») 1 ) > + 
P0((0SKCHt)»)> 
Ci : I) 


m 


18° 


700'C 


30 min 






Ge«Bi(CH») s >. 


m 


35' 


700'C 


30 min 






Ab0((0SKCH.).), 




28* 


800'C 


30 min 






Si(0C,H t )« + 
B((0Si(CH»)i>, 
(1:1) 


m 


19 


700'C 


30 min 






Si(0CHi)« + 
P0((0Si(CHi)i)i 
(3:1) 




18* 


600'C 


30 min 


JH5H5J 


til 


BCOSKGH.).). 


*s 


>90° 


700"C 


30 min 




Si(0CH.)4 + 
P0((0Si(CH,)O» 
(3 : 1) 




>90* 


600*C 


30 min 



[0 0 6 3] *ia»6W6*&J:3fc.- TfflSftK©S 
tt. «»&»tt*«3S£Tfc<. RKfeSSftCOlCttU 49 

[0 0 6 4] 

[%W©«&«] ±JfiL,t±3lC, £<D%fmz£Z¥&# 
*«©ttlb!rttfc*V»Ttt, -a^fcfcSiMtffcB, 
P. Ge&tfAsa>&3tfttft4>fc< fcfe-a*$trfl:4« 



©i 5 1 isTflU££ftfc«fl«tN*»#<*& < . mas 

ttt>ftft&fc©£&5fc£t>KSb^fcfcV>T:5'?y* 

s. ssic, x^y-;nci5jaattT»ir^^-y£ 

4A5&tt*tfcV>©T. #£#gE©S&#tt£&fc3 
[0ffi©f8m^ieM] 

[H 1 ] H l tt, £©»Wfc±*¥*#8fi©fiiS;£ife 
•5. 

[02] B 2 IS. «5tt©IMK£©R9!HT»«. 
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13 



14 



11 -> ') 3 
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13 #U^U3> 
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[01] 



[02] 



